A B S T R A C T The respiratory responses to hypercapnia alone and to hypercapnia and flow-resistive loading during inspiration were studied in normal individuals and in eucapnic and hypercapnic patients with chronic airways obstruction. Responses were assessed in terms of minute ventilation and occlusion pressure (mouth pressure during airway occlusion 100 ms after the onset of inspiration).
A B S T R A C T The respiratory responses to hypercapnia alone and to hypercapnia and flow-resistive loading during inspiration were studied in normal individuals and in eucapnic and hypercapnic patients with chronic airways obstruction. Responses were assessed in terms of minute ventilation and occlusion pressure (mouth pressure during airway occlusion 100 ms after the onset of inspiration).
Ventilatory responses to CO2 (AV/APco2) were distinctly subnormal in both grouips of patients with airways obstruction. The two groups of patients, however, showed different occlusion pressure responses to CO2 (AP100/APCo2): AP100/APCo2 was normal in the eucapnic patients but subnormal in the hypercapnic patients. Flow-resistive loading during inspiration reduced AV/APCo2 both in normal subjects and in patients with airways obstruction. The occlusion pressure response to CO2 increased in normal subjects during flow-resistive loading but remained unchanged in both grouips of patients with chronic airways obstruction.
These results indicate that while chemosensitivity as determined by AP100dAPCo2 is impaired only in hypercapnic patients with chronic airways obstruction, an acute increase in flow resistance elicits a subnormal increase in respiratory efferent activity in both euicapnic and hypercapnic patients.
INTRODUCTION
The efferent activity of the respiratory neurons is reguilated through an interplay between chemical and
This work was presented in part at the National Meeting of the American Thoracic Society, Montreal, Canada, May 1975.
Received for publication 12 February 1976 and in revised form 15 November 1976. neuromechanical control systems which produce compensatory changes in breathing whenever the concentrations of inspired gases, metabolic rate, or the mechanical properties of the lung and chest wall are altered (1, 2) . Conceivably, defects in either the chemical or the neuromechanical regulatory systems could contribute to the hypoventilation and hypereapnia of chronic airways obstruction.
Chemical control is conventionally evaluated by determining the respiratory response to hypercapnia or hypoxia (3) (4) (5) (6) . Although there is no standard method for assessing neuromechanical control, the response to a mechanical load imposed on the chest bellows has been used for this purpose. One device for loading has been the addition of an external resistance to airflow. The reactions of normal individuals to these loads have been reported previously (7) (8) (9) , but the respiratory responses to ventilatory loading in patients with lung disease have not been evaluated. In the present study, both chemical and neuromechanical control mechanisms in normal individuals and in patients with chronic airways obstruction were assessed by determining the changes in respiratory efferent activity during hypercapnia and after increasing the resistance to airflow during hypercapnia.
When airway resistance is increased either experimentally or by disease, ventilation is no longer a satisfactory index of respiratory activity (10) . The mouth pressure during airway occlusion 100 ms after the onset of inspiration (P1oo) has been suggested as a more reliable measure of respiratory neuron efferent activity (11) . Also, changes in occlusion pressure during hypercapnia correlate with changes in the electrical activity of the diaphragm and with ventilatory responses to CO2 in normal individuals (9) . Consequently, Ploo was used in the present study as an index of respiratory neural efferent activity. Values are means+SE.
Consequently, the effects of inspiratory flow-resistive loading were assessed during rebreathing so that respiratory responses under control conditions could be compared to those during mechanical loading at the same level of chemical drive.
Minute ventilation was calculated from the average values of the three breaths preceding each occltusion. Ventilatory and occlusion pressure responses to CO2 were determined from the slope of regression lines calculated by the method of least squares.
For a given level of respiratory efferent neural activity, the occlusion pressure in patients with chronic airways obstruction may be affected by the decrease in the resting length of the inspiratory muscles brouight about by the increase in FRC. To evaluate the effect of change in FRC on occlusion pressure, the P,o was also determined during rebreathing in five normal subjects after FRC was increased by the addition of an expiratory resistance of 8 cm H20/liter per s to the rebreathing circuit.
RESULTS
Ventilatory and blood gas data from the eucapnic and hypercapnic groups of patients with chronic airways obstruction are compared in Table I . The ages of the patients in the two groups were not statistically different. In both groups, the vital capacity was abnormally low and the FRC was greater than normal. The forced expiratory volume in 1 s (FEV1.0) and the maximum voluntary ventilation were also low. There was, however, no statistically significant difference between the results of these tests in the eucapnic and hypercapnic groups. In contrast, significant differences did exist between the two groups with respect to Pao2 (P < 0.001). Ventilatory and occlusion pressure responses to CO2 in normal subjects and eucapnic and hypercapnic patients with chronic airways obstruction are shown in Table II .
The mean ventilatory response to progressive hypercapnia (AV/zAPco2) in the 26 subjects with normal Respiratory Responses in Chronic Airways Obstruction The ventilatory response to CO2 was decreased in the older normal subjects as compared to the young subjects (P < 0.025). Similarly, ventilation at Pco2 60 torr was decreased in the older normal subjects but this difference was not satistically significant. In both eucapnic and hypercapnic patients with chronic airways obstruction, AViAPco2 and ventilation at Pco2 60 torr were significantly reduced as compared to all normal subjects (P < 0.005) and to older normal subjects alone (P < 0.01). There were no significant differences between the two groups of patients with airways obstruction in these measures of ventilatory response. compared to normal subjects (P < 0.05) and eucapnic patients (P < 0.01).
The effects of flow-resistive loading during inspiration are summarized in Table III Fig. 2 . muscles. Rodarte and Hyatt (13) found that CO2 breathing reduced pulmonary conductance presumably as a result of an increase in laryngeal resistance. This change would be expected to increase the end-expiratory position and, in fact, Garfinkel and Fitzgerald (14) have shown that hypereapnia does increase the resting lung volume of seated subjects. In contrast, Derenne et al. (15) reported that seated men tended to decrease their end-expiratory lung volume during CO2 rebreathing, and this finding could account for the exponential relationship between Pco2 and PI00 described by Whitelaw et al. (11) and Kryger et al. (8) . We and others (16, 17) , however, have found linear relationship between Pco2 and Ploo, and we have been Effects ofage on the responses to hypercap)niia. The present study has demonstrated that ventilatory responses to hypercapnia in normal individuals fall with age. These observations are in accord with the findings of Kronenberg and Drage (18) . Additionally, the occluision pressure responses to hypercapnia were lower in older individuals than in young subjects although the differences were not statistically significan-t. The approximately parallel changes in ventilatory and occlusion pressure responses stipport the contention that chemoreceptor function may become attenuiated with age.
Responses to mechanical loading. Unlike normal individuals, both eucapnic and hypercapnic patients with chronic airways obstruction do not increase respiratory efferent activity when a resistive load is added during inspiration. This impaired response to an artificial increase in flow resistance may indicate that the patient also fails to respond to intrinsic increases in airway resistance. The failure to heighten respiratory drive during acute increases in resistance to airflowz would contribute to the development of alveolar hypoventilation during acute bronchospasim or respiratory infection in these patients. The finding that occlusion pressure at Pco2 60 torr during free rebreathing was greater in eucapnic patients with chronic airways obstruction than in normal subjects may reflect the ability of these patients to respond to more chronic, long-term changes in airway resistance.
An increase in occlusion pressure dturing mechanical loading has previously been described in normal awake individuals (7) (8) (9) and has been demonstrated in unanesthetized goats (19) . The observation that changes in occlusion pressure during mechanical loading are abolished in the goat by light anesthesia suggests that the augmented respiratory activity is mediated through supraspinal mechanisms and that awareness of the added resistance is necessary for load compensation (19) .
Why patients with chronic airways obstruction fail to increase respiratory neural efferent activity when flow resistance is increased is obscure. Flow-resistive loads of a much smaller magnitude than those used in the present study are readily detected by normal individuals (20) . However, the ability to detect added inspiratory resistances may be impaired as a result of the long-standing derangements in lung mechanics in chronic airways obstruction. According to the WVeberFechner law, the larger the initial level of a stimnulus, the greater the change in stimtluis level needed to produce a change in sensation (21, 22 Elevationis in cerebrospinal fluid bicarbonate concenitrationi founnd in chronic hypereapnia have been suiggested as a cause of redtuced CO2 responsiveness sinice the hy(drogen ion concentration change in the cerebrospinal fluiid (lutring actute hypercapnia will be less as a resuilt of a greater degree of btuffering (26) . However, the increased buffering is unable to prevenit considerable rise in hydrogen ion concentration on acuite exposture to CO2 (27) .
The poor occltusion pressture response to CO2 in the hypercapniic patients may simiply be cauised by an intrinsically blunted response to hypercapnia wlhich existed before the development of the lulng disease.
In normal indlividtuals there is a wide variation in venitilatory responses to CO2 buit when lutng ftunctioni is normial, arterial Pco2 is maintained in the normal ranige despite low chemosensitivity (28) . Intrinsically low CO2 responsiveness, operating in coinjtunction with the mechanliacal derangements of chronic airways obstruction imiay, however, prodtuce hypercapnia (29) (30) (31) .
Occltusion pressture responses to hypercapnia in the euicapnic patients with chronic airways obstruction did not differ fromi those of normal stubjects. One reasonable interpretation of this finding is that CO2 responsiveness is normal in patienits with airways obstrtuction as long as resting arterial Pco2 is also normal. This conclusion may not be juistified becauise occltusion pressture responses in the patients with airways obstruiction depend not only on chemosensitivity, per se, btut may also be affected by the shorter resting inspiratory muscle length and the greater airway resistance.
In the past, efforts have been made to separate the respiratory effects of chemical stimtulation from those of mechanical loading (12, (32) (33) (34) . However, it may not be possible to make this distinction in patients with chronic airways obstruction because of the interplay of chemical and nonchemical stimuli on respiratory efferent activity.
